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Abstract— Desert wetland is a special ecological environment as water is fundamental to maintaining 
existence. The soil water of sandy wetland links surficial water and groundwater. This study Takes Habahu 
National Wetland Nature Reserve as the research area and the water movement characteristics of soil 
profile as the research purpose. According to the altitude and topographic characteristics, the main focus is 
monitoring soil moisture in different layers at specific sites. The results show that: (1) In the core area of 
sandy wetland, the water movement of the soil profile is slow with lower infiltration and evaporation; (2) On 
the slopes around the wetland, the surface water is recharged by rapid leakage along with the underlying 
impermeable layer after precipitation due to the sand coverage; (3) In the desert hinterland outside the 
wetland, the water rapidly infiltrates after precipitation and flows into different groundwater systems along 
the structural characteristics of the underlying stratum to supplement the nearby wetlands. Based on these 
characteristics, we put forward the unique viewpoints of environmental protection in sandy wetlands: (1) 
focus on the protection of surface organisms in the core area of sandy wetland to reduce evaporation and 
improvethe soil water-holding capacity; (2) Appropriate engineering and biological measures should be 
applied to the slope outside the core area to reduce surface evaporation and plant transpiration and improve 
the soil moisture; (3) In the periphery area of the wetland, infiltration should be promoted to ensure the 
source of water supply to wetlands, which would maintain the existence of wetlands and give full play to their 
ecological functions. In addition, this study analyzed the relationship between soil moisture and plant 
diversity of 35 species. 16 plants are considered to be suitable for planting in core area of sandy wetland and 
9 plants for planting in the desert hinterland outside the wetland. 


Keywords— Desert area; Sandy wetland; soil moisture; Zoning protection; Protect the catchment desert. 


I. INTRODUCTION sustainable existence of the ecosystem and the function of 
Wetland is the kidney of the earth, and sand wetland is preventing sand invasion in the sand area [3]. 

the main landscape type to maintain the ecosystem of the Over the years, researchers have conducted 
sand area [1-2]. Wetlands in sandy areas are mainly experimental studies on the existence of wetlands in sandy 
distributed along both river banks and low-lying areas, areas, the ecological functions of wetlands and the 
which is the ecological front to prevent desert invasion. movement of soil water in wetlands from different angles. 
Studying the source of water and the characteristics of soil Most studies focus on ecological and hydrological 
water movement is the top priority in studying the processes in sandy areas, and the large scale research is 
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carried out from the hydrological process characteristics of 
groundwater and surface water. The conclusions are 
relatively consistent, vegetation is considered in arid areas 
to have a role in water accumulation [4], and the scale of 
landscape ecology significantly impacts ecological 
hydrology in semi-arid regions [5-6]. For instance, Chen [7] 
indicated that the existence of Tamarix changed the process 
of precipitation redistribution, which promoted the 
precipitation infiltration and maintained a high soil 
moisture. The critical value of ecological water demand in 
arid areas and the relationship between natural vegetation 
and groundwater are also studied through experiments 
[8-10]. The development and utilization of water resources 
in arid regions of Northwest China are expounded from the 
levels and zones of river hydrology and ecosystem [11-12]. 
Heihe River Basin in Northwest China has the most 
extended history, the most profound depth and the most 
investment in the study of human development of water 
resources and its impact on local ecology in arid areas 
which suffers severe ecological problems [13-15]. 


The study on the environmental and hydrological 
coupling of wetlands in the core area of arid desert is 
different from the hydrological and ecological 
characteristics of desert edge areas and desertification 
areas. Taking Ningxia as an example, researchers analyzed 
the environmental evolution process of the reduction of 
surface water area and soil moisture in the Aeolian sand 
area of Ningxia Hui Autonomous Region from the 
perspective of geological history. 264 towns are ecological 
divided for hydrological regionalization and the results 
showed that the environmental water shortage in the middle 
and north of Ningxia is severe [16-17]. The above studies 
have been carried out from the overall aspects of ecology 
and hydrology and less from soil moisture variation in 
desert areas. Some researchers have done some research on 
relevant factors, studied the correlation and response-ability 
between soil moisture and shrub in the desert area [18-22], 
while discussing the interaction between nitrogen fertilizer 
and soil moisture in desert area [23-24]. The role of desert 
shrubs in soil water replenishment and their significance in 
hydrology and earth system science have also been studied 
[25]. 
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In summary, studying the sandy wetland is inseparable 
from water resources. However, the sandy wetland is a 
unique ecosystem in the desert with relatively isolated 
eco-hydrologic characteristics, so the hydrologic process 
and ecological characteristics are different from other 
wetlands and watersheds. Habahu National Wetland Nature 
Reserve of Ningxia Hui Autonomous Region is selected as 
the research area to study the water movement 
characteristics of the soil profile. Firstly, the catchment area 
of the wetland is divided according to the catchment area of 
the wetland. Starting from the overall arrangement and 
taking the poster height and topographic characteristics as 
the layout basis, the special method of arranging monitoring 
points by elevations is implemented, which adopts the 
method of assimilating extensive data and establishing a 
large number of monitoring points. On this basis, utilizing 
microcosmic monitoring, stratified sampling is carried out 
on the typical soil profile of special parts to test the 
difference in soil moisture and then study the characteristics 
of soil water movement at different altitudes and 
topographic positions in the wetland area. This study would 
provide a scientific basis for the ecological protection of 
wetland and the differential protection of other regions. 


II. MATERIALS AND METHODS 


In August 2021, the soil sampling sites were arranged 
in Haba Lake Nature Reserve, Yanchi County, Ningxia Hui 
Autonomous Region (Fig. 1). The selected area is about 144 
km?. The selected sampling sites are based on different 
altitude gradients, the lowest site is 1424 m, and the highest 
site is 1591 m above sea level. The landscape sections 
existing in various ecosystems were taken as the research 
object. Combined with traditional statistics, geostatistics 
and GIS, the selected study area was put in a unified latitude 
and longitude grid, and the 418 selected sampling sites were 
regularly laid out based on GPS. The altitude interval is 10 
m, and the interval of sampling sites at the same altitude is 1 
km. The soil samples are collected and tested for moisture. 
A total of 155 effective soil samling sites were obtained 
(Table. 1, Fig. 2). Meanwhile, we identified plant species at 
each effective soil samling site. 
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Fig.l] Location map of sampling sites 
According to the local quicksand coverage thickness, an oven with a design temperature of 105 ? C for more than 
geomorphic morphology and the characteristics of the 1 day, the soil moisture is calculated by weighing. Among 
underlying terrain, the depth of the soil profile sampled by the 155 monitored points, 930 soil samples should be 
this research is 120 cm from the surface. Soil samples are collected theoretically. Due to the limitation of soil layer 
collected every 20 cm from 0-120 cm depth for 6 samples thickness at some sampling points, a total of 837 soil 
in each soil profile. Seal the sample after sampling to avoid samples were finally collected. 
moisture evaporation during transportation. After drying in 
Table 1 Distribution of samples arranged by altitude gradient 
Number of Selected 
No. Elevation (m) Soil profile monitoring site (No.) 
soil profiles monitoring site 
1 1424—1434 4 393, 183,198,408 393 
2 1435—1445 8 153. 378. 168. 169. 363. 199. 108. 184 184 


333. 348. 139. 154. 109. 349. 364. 124. 394. 125. 


3 1446—1456 14 333 
140. 185. 334. 397 


4 1457—1467 11 170. 350. 110. 335. 141. 155. 126. 380. 336, 351. 170 
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395 

5 1468—1478 10 365. 410. 127. 171. 156. 366. 200. 201. 352. 381 366 

6 1479—1489 8 186. 337. 411. 367. 128. 203. 143. 202 143 
353. 413. 382. 158. 338. 396. 131. 129. 189. 368. 

7 1490—1500 12 189 
397. 147 


144. 205. 371. 205-2. 173. 132. 146. 339. 340, 356. 
8 1501—1511 29 398. 160. 161. 354. 206. 206-2. 204-2. 190. 383. 72 
399. 414. 415. 415-2. 72. 130. 73. 159. 204. 385 


175. 191. 370. 401. 385-2. 162. 372. 384. 174. 177. 
9 1512—1522 28 357. 400-2. 133. 145. 187. 369. 386. 358. 387. 358-2, 133 
176. 355. 400. 177-2. 88. 343. 103. 118 


148. 149. 162. 373. 416. 416-2. 282. 358-2. 353-3. 


10 1523—1533 11 282 
373-2. 207 

11 1534—1544 8 388. 192. 134. 402. 164. 178. 178-2. 402-2 402 
12 1545—1555 0 0 

13 1556—1566 7 417. 209. 209-2. 58. 179. 208. 208-2 58 
14 1567—1577 1 403 403 
15 1578—1588 2 193-2. 193 193 
16 1589—1591 2 194. 418 194 


Note: a steep cliff between 1545m and 1555m altitude, so there are no monitoring sites. 
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Fig.2 Distribution of soil monitoring points 
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III. RESULTS 


A site with the full collection of soil profile samples 
was selected in each altitude range to draw a curve of soil 
moisture distribution along the profile, with a total of 15 
curves. The soil profile moisture distribution characteristics 
at the 15 sampling sites can be divided into rapid 
evaporation and slow infiltration types (Fig. 3, Fig. 4). And 
Table 2, Table 3 show the mathematical fitting models. 


3.1 The changing trend of soil moisture below 1500m 
altitude 


When the altitude is below 1500 m, soil profile 
moisture evaporates slowly in the surface layer and then 
rapid infiltration (Fig. 3). The surface soil moisture is the 
largest, the maximum value is 23.7296, and the minimum 
value is at the 100 — 120 cm layer, which is only 5.85%. 7 
fitted models of soil profile moisture under 1500 m are in 
Table 2. Among the seven soil profiles, the changing trends 
of soil moisture at different layers of five soil profiles are 
similar, with an obvious inflexion point between 20 cm and 
40 cm. Only two curves show abnormal changes. The soil 
profile moisture evaporates rapidly on the surface while the 
soil moisture increases when the soil depth is below 40 cm 
at the lowest elevation site. This sampling site is in a typical 
wetland area, with high surface soil moisture and good 
biological growth. A dry soil layer appears between 20 — 40 
cm depth, which is the typical development characteristic of 
soil profile of wetland in the sandy area. Soil water sources 
comes from two parts in sandy area, surface catchment and 
groundwater supply, with the boundary depth between 20 
cm and 40 cm. 
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From 1490 to 1500 m altitude, the change of soil 
profile moisture belongs to the characteristics of rapid water 
infiltration where covering large sand thickness. This site is 
in the transition area of typical wetlands to sand-covered 
slopes. The precipitation recharge is rapid infiltration and 
cannot absorb groundwater recharge due to the slope 
gradient, so its curve is more similar to soil profile moisture 
distribution characteristics of sandy soil. At the transition 
zone of 1490-1500 m altitudes, the three-step coefficients of 
the fitting model are negative, and itis a seeping type curve. 
At the elevation of 1424-1434 m, because it is located at the 
lowest altitude site in the wetland, the soil moisture of the 
surface soil is very high. The terrain position determines it, 
so the three-step coefficient of the fitting model is negative 


as well. 
soil profile moisture/?6 
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Fig. 3 Variation curve of soil profile moisture with depth 
from 0 — 20 to 100 — 120 cm at the 1424 — 1500 m altitude 


Table 2 Fitting models of soil profile moisture with depth at different altitudes (1424 — 1500 m) 


Altitude (m) Fitting models R? 
1424—1434 h = —0.347w? + 4.115w? — 14.27w + 23.42 0.852 
1435—1445 h = 0.024w? — 0.745w? + 3.808w + 4.854 0.902 
1446—1456 h = 0.198w? — 2.151w? + 5.830w + 7.618 0.891 
1457—1467 h = 0.176w? — 1.940w? + 5.724w + 5.524 0.908 
1468—1478 h = 0.287w? — 2.911w? + 8.136w + 4.552 0.842 
1479—1489 h = 0.306w? — 3.376w? + 9.493w + 6.598 0.954 
1490—1500 h = —0.544w? + 6.859w? — 27.18w + 44.38 0.992 

Note: h represents soil depth, and w represents soil moisture. 
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3.2 The changing trend of soil moisture above 1500m 
altitude 


The eight soil profile moisture changing curves in 
Figure 4 belong to the rapid evaporation type. The water 
infiltration are stable. Except for an abnormal point of 
surface soil moisture is 24.77 %, the minimum value is only 
4.14%, and most values are below 10 %, while the soil 
moisture in the 30 % of the layers is below 6%. The soil 
moisture changing process of the 8 soil profiles shows a 
tremendous decline rate. The soil moisture decline rate of 
the topsoil layer to the bottom layer can reach more than 
10%. The eight curves show obvious boundary inflexions at 
60 - 80 cm depth. The layer above the inflexion point is 
dominated by rapid evaporation, while below the inflexion 
point is dominated by stable infiltration. According to the 
moisture content coefficients of the various curves in Table 
3 curve, it is also fully in line with the characteristics of 
rapid evaporation and stable leakage. the laws of the fitting 
coefficients of the six curves are basically the same except 
for 1534 — 1544 m and 1567 — 1577 m curves. 


Compare Figure 3 and the curve fitting model of Table 
2 with Figure 4 and Table 3, the variation trend of soil 
moisture with depth is obviously different. The curves in 
Fig. 3 show the sandy soil moisture characteristics of the 


desert wetland with slow evaporation at the surface and then 
rapid infiltration below the depth of 40 cm. The curve in 
Figure 4 shows the soil moisture characteristics that rapid 
evaporation and rapid infiltration occur at the same time. 


0 5 10 15 20 25 
1 1 


30 


1 L À 
0-204 p^ 
20-404 
-9 40-604 
a 1501—1511 
S 1512—1522 
P 1523—1533 
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Fig. 4 Variation curve of soil profile moisture with depth 


from 0 — 20 to 100 — 120 cm at the 1501 — 1591 m altitude 


Table. 2 Fitting models of soil profile moisture with depth at different altitudes (1501 — 1591 m) 


Altitude (m) Fitting models R? 
1501—1511 h = 0.228w? — 2.345w? + 5.453w + 6.711 0.936 
1512—1522 h = 0.073w? — 0.341w? — 0.747w + 15.62 0.725 
1523—1533 h = 0.286w? — 2.347w? + 1.869w + 16.77 0.938 
1534—1544 h = —0.332w? + 4.993w? — 24.63w + 45.14 0.995 
1556—1566 h = 0.053w? + 0.287w? — 4.794w + 23.21 0.904 
1567—1577 h = —0.253w? + 3.215w? — 12.05w + 22.47 0.789 
1578—1588 h = 0.252w? — 2.617w? + 6.161w + 8.66 0.983 
1589—1591 h = 0.265w? — 2.330w? + 3.247w + 13.60 0.935 


3.3 Different soil depth soil water content distribution 
characteristics 


According to the root extension depth and the actual 
data of each monitoring and sampling site, the depth of the 
soil 0 - 60 cm is analyzed in three layers (Fig.5-a, Fig. 5-b, 
Fig.5-c). The soil moisture in the research area is mainly 
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concentrated on the surface layer of 0-20 cm, and the 
average value is 14.12 96. The linear regression curve in 
Figure 5-a show growing trends. The soil moisture at a 
depth of 20 - 40 cm mainly revolves around 11.92 %. The 
linear regression curve shows a decreased trend as the 
altitude increases in the 20 — 40 cm layer. At the soil depth 
of 40 - 60 cm, that is, the bottom part of the plant root 
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system, the soil mosisture of all monitoring samples has 
decreased significantly, mainly distributed at about 9.75 %. 
The depth of 60 cm is a critical division of the surface water 
and groundwater supply. From a-c in Figure 5, the soil 


International Journal of Environment, Agriculture and Biotechnology, 7(5)-2022 


moisture on the three sides of the soil is decreasing with the 
increase in soil depth, and the decreasing rate is larger at 
low elevations. 
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Fig. 5 The distribution map of soil moisture in the soil depth of 0-20cm(a), 20-40cm(b), 40-60cm(c) 


3.4 Relationship between surface soil moisture and plant 
diversity 


A total of 35 plant species were identified at the 
sampling sites, of which 9 species were evenly distributed 
and grew at the soil moisture of 7 — 28% (Fig. 6-a). 17 plant 
species are facing degradation problems, these plant species 
were only collected at less than 6 sampling sites (Fig. 6-b). 
Pennisetum centrasiaticum and Cynanchum thesioides are 
suitable for planting in in the desert hinterland, which are 
mostly distributed in the area the water soil moisture was 
lower than 14.2696 (Fig. 6-c). In addition, 7 plant species 
were suitable for growing in areas with high soil moisture, 
but the growth of Heteropappus altaicus and Leymus 
secalinus were limited when the soil moisture was higher 
than 19% (Fig.6-d). 


IV. DISCUSSION 


The annual average precipitation of Haba Lake 
National Wetland Nature Reserve in Ningxia is 296 mm, 
which decreases from southeast to northwest with a 
significant variability rate. More than 80% of the 
precipitation is concentrated in May-September. Annual 
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evaporation is 2131.7 mm, 6-7 times of precipitation. 
Figure 7 is the variation of monthly evaporation in Haba 
Lake National Nature Reserve from 1981 to 2010. In such a 
severely arid area, the existence of surface wetland and the 
soil moisture characteristics mainly depends on two 
aspects: the first is the geological structure, which affects 
the characteristics of groundwater recharge; The second is 
the catchment characteristics of the ground and the ability 
of surface plants to reduce evaporation [26-27]. Therefore, 
the distribution of soil moisture in soil profiles can be 
divided into two types: rapid evaporation and rapid 
infiltration. Desert catchment recharge over a large area is 
one of the primary wetland sources because of little rainfall 
and large evaporation capacity on the surface of the 
wetland. In the transition zone of slope land around the 
wetland, the thickness of sand cover on the slope surface 
gradually decreases from the top to bottom, and 
precipitation rapidly seeps down. The change of soil 
moisture in Figure 4 at 1534 - 1544 m altitude is a typical 
rapid seepage process curve in desert area. 
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Fig. 6 Plant diversity at different surface soil moisture 
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Fig. 7 Variation of monthly evaporation in Haba Lake National Nature Reserve 


Wetland hydrology has always been considered an 
essential driving force for shaping the structure and 
function of wetland systems [28]. As an important factor 
affecting the wetland environment, the hydrological process 
controls wetland functions by affecting physical, chemical 
and biological processes within wetlands, making wetland 
systems different from terrestrial systems with good 
drainage conditions and deepwater aquatic system. 
Wetlands located in the Delta and other coastal areas have a 
better ability to withstand storms and typhoons. Wetlands 
located beside rivers play a more significant role in 
maintaining the water quality of rivers and controlling 
floods downstream. Desert wetlands can better regulate 
groundwater and maintain regional water balance [29-31]. 
The hydrological landscape is classified according to 
different hydrogeographic conditions. Soil water transport 
in wetlands at arid and semi-arid areas mainly focuses on 
hydro-ecology, including ecological environment effects 
and Simulation of the hydro-ecological process of wetlands 
[32-33]. Soil water transport of wetlands in desert areas is 
obviously different from the wetlands in other ecological 
environment areas [34]. 


This study revealed 
movements in the soil profile in a small ecological 
environment of wetland in the sandy area with different 
surface material composition, terrain and vegetation 
composition, and other . Basically, the study area can be 
divided into three regions [35-36]: the first is the typical 


the characteristics of water 


core wetland area, with slow infiltration and evaporation as 
the main water transport modes in soil profile; The second 
type is sloping land around the wetland, with different sand 
cover thicknesses. After precipitation, the water quickly 
flows down the impervious layer to the bottom of the slope 
to make up the wetland soil moisture. The third type is a 
large area of desert around the wetland. The water soon 
seeps underground after precipitation, along with the 
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structural characteristics of the underlying stratum, into 
different groundwater systems or relatively low-lying 
adjacent wetlands. 


V. CONCLUSIONS 


The water supply of wetland in the sandy area comes 
from precipitation and groundwater. However, there is little 
surface precipitation in the sand area. In order to maintain 
the existence of wetlands, there must be sufficient 
catchment areas, which are the deserts in the hinterland of 
the periphery of wetlands. The precipitation in the arid area 
is far less than the evaporation capacity. The rapid 
infiltration of precipitation in the desert area is not only the 
specific ecological function of preserving water and 
reducing evaporation in the sand area, but also the main role 
of wetland in the sand area. 


Based on the analysis of the monitoring results of this 
study, we concluded that the water drop-down surface is 
mainly gathered in the core area of the wetland in the sandy 
area. In terms of ecological maintenance, it should focus on 
surface biological protection to reduce evaporation and 
improve the water holding capacity of the soil. In the 
sloping areas, engineering and biological measures should 
be surface evaporation and plant 
transpiration, and maintain the normal infiltration of soil 
and confluence to the soil bottom. In the hinterland of the 
periphery of wetlands, instead of blindly afforestation, the 
sand fixation and infiltration promotion should be focused 


taken to reduce 


on ensuring the source of water supply to the wetland and 
thus maintain the existence of the wetland and giving full 
play to its ecological function. This conclusion is a unique 
view put forward by this study. 


Through the analysis of the relationship between soil 
moisture and plant diversity, 16 plant species are considered 
to be suitable for planting in the for planting in core area of 
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sandy wetland and 9 plants for planting in the desert 
hinterland outside the wetland. 7 kinds of plant species are 
suitable for planting in whole Habahu National Wetland 
Nature Reserve. 
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